Background: The clinical benefit of percutaneous coronary intervention (PCI) for long coronary lesions is unclear; furthermore, concerns have been raised about its safety.
Introduction
Multiple overlapping coronary stents are used for the treatment of long lesions or tandem lesions. Recently, the stent length has been increased for full lesion coverage. In the bare metal stent era, a longer stented segment resulted in a higher risk of restenosis and was thus avoided 1 . Drug-eluting stents (DES) subsequently proved to decrease the need for reintervention; consequently, they replaced bare metal stents (BMS) in percutaneous coronary intervention (PCI) for complex long lesions 2 . A few small registries have suggested that PCI using a full metal jacket (FMJ) with DES may be a safe procedure for the treatment of diffuse coronary lesions, with acceptable immediate and late clinical outcomes [3] [4] [5] [6] . Other factors related to vessel diameter and lesion location are also reported to impact the rate of restenosis, including the use of vein grafts and the presence of ostial lesions and bifurcations 7 . The clinical effects of very long and overlapping DES implantation in different clinical and angiographic settings remain unknown; furthermore, the risk of stent thrombosis (ST) has raised concerns. This study was performed to evaluate the predictors of long-term major adverse cardiac events (MACE) associated with PCI using FMJ, defined as overlapping DES measuring ≥ 60 mm in length, for very long lesions.
Methods

Patient population
From a dedicated database of 5158 consecutive PCI procedures performed between 2003 and 2007 at a high-volume coronary intervention laboratory, we retrospectively identified 136 patients (2.6%) who underwent PCI with multiple overlapping DES measuring ≥ 60 mm in length (FMJ) for diffuse long lesions or tandem lesions and extensive dissections. Patients were considered eligible if they were >18 years of age and had clinical evidence of myocardial ischemia.
Written informed consent was obtained from all patients who were part of the prospective database.
Stenting procedure
All PCI interventions were performed using standard techniques. The choice of treatment strategy, DES selection (paclitaxel-, sirolimus-, zotarolimus-, or everolimus-eluting stents), the use of glycoprotein IIb/IIIa inhibitors, and the need for post-dilatation were left to the operator´s discretion. Some degree of overlap between stents was considered as qualifying criteria. Angiographic success was defined as the presence of <30% residual stenosis.
In-stent restenosis (ISR) was defined as the presence of a stenotic lesion occupying >50% of the vessel diameter in a previous stented segment. Chronic total occlusion (CTO) was defined as an artery occluded for more than three months, with thrombolysis in myocardial infarction grade 0 flow at the start of the procedure. A bifurcation was defined if the overlapping stents covered a side branch visually estimated to be >2 mm in diameter by the operator.
All patients were pre-treated with clopidogrel (75 mg if already in chronic therapy with clopidogrel for >10 days, and 300 or 600 mg if not). After PCI, the patients were prescribed indefinite aspirin (100 mg/day) therapy and clopidogrel (75 mg/day) therapy for minimum [6] [7] [8] [9] [10] [11] [12] months.
Quantitative coronary angiography (QCA)
Angiographic measurements were made during diastole using a guiding catheter to calibrate magnification. A quantitative angiographic analysis system (Siemens®) was used to obtain, record, and analyze baseline coronary angiograms using the single projection showing the most severe stenosis. The percentage of diameter stenosis, minimal lumen diameter, and reference vessel diameter were measured before dilatation and after the stenting procedure.
Endpoint definition and clinical follow-up
As a primary endpoint, we assessed the incidence of MACE, defined as a composite of all-cause death, MI, and target vessel revascularization (TVR) at one year. MACE at 30 days was used to assess the acute safety of the procedure.
Deaths were classified as cardiac or noncardiac, with all deaths considered cardiac unless an unequivocal noncardiac cause could be established. MI was diagnosed when there were ischemic symptoms or new electrocardiographic changes accompanied by a typical rise and gradual fall (for troponin I) or a more rapid rise and fall (for CK-MB) in the levels of biochemical markers for myocardial necrosis. Periprocedural MI was defined as an increase in troponin or CK-MB levels to more than three times the upper reference limit in the first 48 h after PCI 8 . Repeat target lesion revascularization (TLR) included repeat percutaneous or surgical intervention in the previously treated segment, including the region of the implanted stent and a region 5 mm proximal or distal to the edge of the stent. TVR was defined as repeat PCI or coronary artery bypass grafting (CABG) of the target vessel. Target vessel failure was defined as cardiac death, MI, or TLR that was not attributable to a vessel other than the target vessel.
Definite or probable ST was defined according to the Academic Research and Consortium (ARC) definition 9 .
Clinical follow-up of all patients was conducted via telephone using a pre-specified interview; in addition, clinical hospital records were reviewed for patients who were re-admitted.
Statistical analyses
Continuous variables were tested for normal distribution using the Kolmogorov-Smirnov's test and for equality of variances using the Levene's test. Continuous variables are reported as means ± standard deviations (SDs) and were compared using an independent sample Student's t-test. The Mann-Whitney U test was used to compare groups when variables did not display a normal distribution or equality of variances. Categorical variables are reported as percentages and were compared using the Chi-square test or Fisher exact test as appropriate.
Univariate logistic regression analysis was used to calculate the hazard ratio (HR) for the occurrence of MACE at one year. In addition, to determine independent predictors of the primary endpoint, we performed multiple logistic regression analysis after adjusting for significant demographic, angiographic, and procedural characteristics. The independent variables for entry into the multivariate model were selected according to their significance in univariate testing [p < 0.1 and shorter 95% confidence intervals (CI)]. The final model was built by forward stepwise variable selection with entry and exit criteria at the p = 0.05 and p = 0.1 levels, respectively. The cumulative incidence of adverse events was calculated according to the Kaplan-Meier method and differences were assessed using the log-rank test. All tests were two-sided. A p value of < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS Statistics for Windows, version 17.0 (SAS Institute, Cary, NC, USA).
Results
Baseline clinical characteristics
Baseline clinical and procedural characteristics are presented in Tables 1 and 2 . The mean patient age was 62 ± 10 years, and the proportion of females and patients with diabetes mellitus was 26% and 38%, respectively. The index procedure was performed in the setting of acute coronary syndrome for 35% patients (unstable angina, n = 9; MI with non-ST segment elevation, n = 19; MI with ST segment elevation, n = 20). A total of 23 patients (17%) had left ventricular dysfunction (ejection fraction, <50%) Previous CABG 27 (20) 1 (14) 26 (20) 1,000 6 (30) 21 (18) 0,231
Peripheral artery disease 8 (6) 1 (14) 7 (5) 0,352 1 (5) 7 (6) 1,000 and 71% had multivessel disease. Several patients had a history of clinically overt cardiovascular disease, including prior MI (29%), and many had undergone previous coronary revascularization with PCI (39%) or CABG (20%).
Indication for PCI, n (%)
Procedural characteristics
PCI was peformed for the left anterior descending (LAD) in 23% patients, the left circumflex (LCX) artery in 8%, the right coronary artery (RCA) in 65%, and a vein bypass graft in 4%. PCI was performed for ISR in 39% patients, CTO in 26%, and a major bifurcation in 6%. Only 4% patients were treated for dissection (n = 6). Sirolimus-or paclitaxel-eluting stents were used for 112 patients (82%) while second-generation zotarolimus-or everolimus-eluting stents were used for the remaining 24 (18%). Glycoprotein IIb/IIIa inhibitors were administered during 54% procedures. The mean length of stent per lesion was 73 ± 12 mm (range, 60-114 mm) and the median stent diameter was 2.5 mm. The median number of stent overlaps per lesion was three (range, 2-6).
Angiographic success was 96%. Among the five patients with final angiographic diameter stenosis >30%, two experienced ST (one acute and one late).
Cardiovascular events at the 30-day follow-up
At the one-month follow-up, three patients (2.2%) had died (one from cardiovascular causes), two (1.5%) had suffered non-procedure related MI, and four (2.9%) had undergone TVR, resulting in a combined MACE incidence of 5.1% (Table 3 ). The prevalence of periprocedural MI was 5.1%. (Tables 1 and 2 ). Reference vessel diameter (mm) 2,9 ± 0,6 3,2 ± 0,7 2,9±0,6 0,235 3,1 ± 0,6 2,9 ± 0,6 0,145
Before intervention
Minimal lumen diameter (mm) MACE at the one-year follow-up
Follow-up at one year was available for all patients (mean, 31 ± 18 months). At the one-year follow-up, five patients (3.7%) had died (two from cardiovascular causes), five (3.7%) had suffered MI, and 13 (9.6%) had undergone TVR, resulting in a combined MACE incidence of 14.7% (Table 3) .
According to univariate analysis, RCA PCI appeared to be a protective factor against long-term adverse clinical events. Univariate analysis revealed female gender, acute coronary syndrome at the index procedure, and bypass graft PCI as predictors of MACE at one year. In our study, PCI for CTO and PCI for ISR were not associated with MACE as per univariate analysis (CTO-vs. non-CTO-related MACE rate, 6% vs. 17%; p = 0.16; ISRvs. non-ISR-related MACE rate, 15% vs. 15%; p = 0.92). The presence of diabetes, the use of first-generation DES, stent length, and reference vessel diameter were not found to be predictors of adverse events at the one-year follow-up in our study (Tables 1 and 2 ).
After multivariate adjustment, the only independent predictors of MACE at one year were female gender and non-RCA PCI. PCI in the setting of acute coronary syndrome at the index procedure and PCI of saphenous vein grafts were not predictors of MACE at one year according to multivariate analysis (Table 4) .
Target vessel revascularization at the one-year follow-up
The incidence of TVR was 9.6% at the end of one year. As per univariate analysis, RCA PCI was the only predictor of a favorable outcome. Multivariate Cox regression analysis also revealed RCA PCI to be an independent predictor of a favorable outcome. In addition, female gender was an independent predictor of TVR at one year (Table 5) .
ST
During the one-year follow-up period, four patients (2.9%) suffered at least one ST, with two being acute and two being late ST. As per the ARC definition, three patients had definite ST and one had probable ST. The treated vessel was the RCA in two patients, the LAD in one, and a bypass graft in one. ST occurred after MI as the index PCI indication (0 and 343 days after the index procedure) in three patients and in the setting of stable coronary artery disease in one (64 days after PCI). All STs occurred while the patients were still receiving dual antiplatelet therapy. All four patients were alive at the one-year follow-up.
Subset analysis
Vein graft
PCI for a vein bypass graft was performed in only six patients in our study; however, the rate of MACE at the one-year follow-up was higher (67%) with this procedure than with PCI in native coronary vessels (12%, p = 0.004; Figure 1A ).
Native coronary vessels
LAD PCI affected clinical outcomes negatively, with a clear separation of event-free survival curves during the acute phase after PCI (16% patients experienced MACE at 30 days). This separation was maintained throughout follow-up (23% MACE at one year; Figure 1A ). Among these patients, 71% had multivessel disease and 42% had acute coronary syndrome.
Clinical presentation
With regard to clinical presentation at the index procedure, the rate of MACE (25% vs. 9%, p = 0.02), all-cause mortality (10% vs. 0%, p = 0.01) and nonfatal MI (8% vs. 1% of non-fatal MI, p = 0.05) at the one-year follow-up was higher for patients with acute coronary syndrome than for patients with stable coronary disease ( Figure 1B ).
Gender
Finally, we found that the female gender was associated with a higher restenosis rate at the one-year follow-up compared with the male gender (17% vs. 4%; p = 0.02). However, there was no difference in the rate of death or MI between men and women. Compared with men, women who underwent PCI in our study were older (>75 years of age, 26% vs. 7%, p = 0.01) and slightly more likely to be diabetic (49% vs. 34%, p = 0.16). In addition, women exhibited a higher incidence of acute coronary syndrome at the index procedure compared with men (54% vs. 29%, p = 0.01; Figure 1C ).
Discussion
Previous studies reported that the treatment of long segments with BMS was associated with a higher risk of restenosis and should be avoided 1 . Once DES were proved effective in decreasing ISR and the need for reintervention 10 , they began to replace BMS in PCI, mostly for complex lesions at high risk of restenosis 11 , such as long lesions 1 . However, despite being effective in decreasing ISR and TVR, DES were associated with a high risk of ST, mostly late ST 12 . Stent length was initially perceived as a predictor of ST due to more frequent incomplete contact with the vessel wall 12 and the increased risk of late stent malapposition that was usually caused by positive remodelling or suboptimal stent implantation 13 , although polymer-associated thrombogenicity and delayed vascular healing could also play a role 14 . A few small registries suggested that PCI using FMJ with DES may be safe for the treatment of diffuse coronary lesions, with acceptable immediate and late clinical outcomes [3] [4] [5] [6] .
In our study, patients that underwent PCI using FMJ with DES exhibited a low rate of MACE (14.7%) at the one-year follow-up, with one-year cardiac death rate of 1.5%, MI rate of 3.7%, and TVR rate of 9.6% in the same period of time. These results are in agreement with other published results 3, 6 . A frequent condition associated with the use of multiple overlapping stents for diffuse coronary disease is the high incidence of periprocedural MI, although its significance remains unknown. In our study, the prevalence of periprocedural MI was 5.1%, which was lower than that reported by Lee et al 4 (19.6%) and Sharp et al 6 (9.5% for single-vessel procedures and 19.0% for multivessel procedures) and higher than that reported by Aoki et al 3 (4.0%). However, the low one-year cardiac mortality and nonprocedure-related MI rates in our cohort with complex lesions was a positive outcome.
The TLR rate at the one-year follow-up in our study was lower (7.4%) than that reported by Sharp et al 6 . Angiographic follow-up was not performed in our study, which may be a possible cause for this difference. In the era of BMS, the treatment of diffuse coronary lesions often relied on bypass surgery because of the high risk of re-stenosis associated with PCI using extremely long stents 15 . The rate of repeat revascularization (23.4%) and MACE (27%) at the one-year follow-up was higher in the ADVANCE 16 and TULIP 17 trials, where in long lesions were treated with BMS, than in our study. DES have thus been proven to decrease the need for repeat revascularization.
In the current study, the overall rate of ST (definite/ probable) was 2.9% at the one-year follow-up, similar to the findings from the largest study of FMJ published till date 6 , which reported a 1.1% and 2.0% cumulative incidence of ST at 30 days and one year, respectively. According to data pooled from eight trials on sirolimusand paclitaxel-eluting stents 18 , ST occurred less frequently (0.5% for both stents at 30 days and 0.6% and 0.9% for sirolimus-and paclitaxel-eluting stents, respectively, at one year). However, the cumulative incidence of ST in nonrandomized registry patients was always higher because the results of PCI expanded to more complex lesions and patients 19 . The clinical consequence of ST in our study was nonfatal MI in all patients.
Several studies on BMS showed that a longer stented segment 20, 21 , a small reference vessel diameter 20 , and the presence of diabetes 22, 23 were independent predictors of restenosis. However, stent length, vessel diameter, and the presence of diabetes were not predictive of TVR in our study. This lack of effect of total stent length is in accordance with the finding from previous studies on FMJ procedures [3] [4] [5] [6] . The fact that stent length no longer predicts restenosis after PCI using DES may be one possible explanation; however, further studies are required to clarify this. Increasing stent length to optimize lesion coverage and avoid geographical overlooks may contribute to the decrease in the restenosis rate in some cases. Moreover, we found that the number of stents was also not predictive of late clinical outcome or TVR, similar to the findings from the study by Kornowsky et al 15 . This suggests that this strategy to treat diffuse long lesions is feasible. The fact that TVR was not predicted by vessel diameter and the presence of diabetes has been controversial, with a disparity among results in previous studies 4, 6 . It is important to note that the results of the present study were obtained for relatively large vessels with an average diameter of 2.9 mm.
In our study, there was no difference in the rate of adverse clinical events at the one-year follow-up between patients treated with first-generation stents and those treated with second-generation stents. These results are in agreement with those of other studies 24, 25 , suggesting that both DES designs can be equally effective for the treatment of these complex lesions.
We found that anatomic location, clinical presentation at index procedure, and gender played an important role in achieving favourable outcomes of treatment with multiple overlapping stents for diffuse coronary lesions.
In this registry, FMJ with DES was implanted more often in the RCA, and this PCI procedure appeared to be associated with lower acute and long-term adverse clinical events. Although FMJ was placed in vein grafts in only 4% patients in our study, the procedure was associated with a higher rate of MACE at the one-year follow-up (67% in patients with treated vein grafts vs. 12% in patients with treated native coronary vessels). This finding is in line with those of previous studies that showed a higher restenosis rate in vein bypass grafts than in native coronary arteries 26 . A recent meta-analysis suggested that DES is associated with a lower need for reintervention and a lower mortality rate compared with BMS in patients who undergo PCI for vein bypass grafts 27 . However, DES does not show long-term advantages in these patients 28 . The sample of patients who received FMJ in vein grafts in our study was too small, thus limiting our ability to draw definite conclusions in this regard.
With regard to the use of multiple overlapping DES for the treatment of diffuse disease in the LAD, there is only one published study that has reported good midterm clinical outcomes; however, the incidence of restenosis was 19.6% in that study 29 . In our study, the use of FMJ in the LAD negatively affected clinical outcomes. The presence of diffuse disease in the LAD is normally a contraindication for CABG and is usually associated with a higher atherosclerosis coronary burden; this can partially explain the poor outcomes in this patient group in our study.
Our data suggests that FMJ used in the setting of acute coronary syndrome is associated with higher rates of MACE, thus raising safety concerns. These findings are in agreement with those of previous studies where the risk of MACE was higher in patients with acute coronary disease than in those with chronic stable disease 30, 31 . A possible reason may be the increased propensity for acute thrombotic complications after PCI.
We also found that women showed higher restenosis rates at the one-year follow-up compared with men, although there were no gender differences in the rate of death or MI. Compared with men, women in our study were older, more likely to be diabetic, and had a higher incidence of acute coronary syndrome at the index procedure. Previous studies that reported increased rates of adverse events in women who underwent PCI for complex lesions also showed that women had worse baseline characteristics 32 . Despite the newly identified variables, additional data is required to determine the worst clinical scenarios where PCI using multiple overlapping DES for diffuse coronary lesions should be avoided. Large-scale multicenter registries are necessary to reliably determine the clinical outcomes of PCI using FMJ with DES for diffuse coronary lesions and assess the risk of ST, death, and MI.
Study limitations
This study has several limitations. First, this was a retrospective evaluation of a small cohort of patients from a single institution. The small number of patients can be partly explained by the low incidence rate of these complex lesions in the general population and the fact that surgical revascularization is the most commonly selected method to treat patients with long lesions, particularly those in the LAD. The small number of events limits our ability to rule out other potential predictors of events. Second, this was a nonrandomized clinical trial lacking a control group. Third, the choice of DES was left to the operator, leading to possible selection bias as restenosis rates in lesions with different types of stents may vary.
Conclusion
PCI using FMJ with DES for diffuse coronary lesions was efficacious but associated with a high rate of ST at the one-year follow-up. However, the rate of cardiac mortality, nonprocedure-related MI, and MACE was relatively low with this procedure. Target coronary vessel PCI (non-RCA), clinical presentation (acute coronary syndromes), and female gender are new contemporary clinical factors that appear to have adverse effects on the outcome of PCI using FMJ for long lesions.
Author contributions
Conception and design of the research: Teles RC; Acquisition of data: Cale R, Rosário I, Sousa P, Brito J; Analysis and interpretation of the data: Cale R, Almeida M; Statistical analysis: Cale R; Writing of the manuscript: Cale R; Critical revision of the manuscript for intellectual content: Teles RC, Almeida M, Raposo L, Gonçalves P, Gabriel H, Mendes M.
Potential Conflict of Interest
No potential conflict of interest relevant to this article was reported.
Sources of Funding
There were no external funding sources for this study.
Study Association
This study is not associated with any post-graduation program.
